The increasingly wide acceptance of precooked frozen foods has led to the establishment throughout the United States of new frozen food plants devoted entirely to the precooked products. Among the problems facing this rapidly expanding industry is the development of adequate quality control standards for flavor, attractiveness, stability, and wholesomeness. As early as 1947 the question of wholesomeness was raised by Fitzgerald, who pointed out the importance of high quality raw materials, adequate cooking, careful plant sanitation during processing and packaging, rapid handling, and quick-freezing. Food sanitarians and public health officials presently are focusing their attention on the potential health hazards resulting fron unsanitary operations and improper handling durinig the production and distribution of these foods. For effective sanitary control in the industry, processors may find it desirable to employ a standardized bacteriological testing program as an adjunct to rigidly supervised measures of cleanliness. The purpose of this report is to describe and evaluate laboratory methods used for estimating levels of bacterial populations surviving in the precooked frozen products.
When frozen meals were introduced into the U. S. Air Force in-flight feeding program in 1951, a military specification for these foods was published by the U. S. Army Quartermaster Corps. The sanitary requirements specified for their production included a provision for continuous plant inispection by the Veterinary Corps and imposed bacterial standards for the finished product. At present the specifieation (MIL-M-13966) provides for a standard plate count not to exceed 100,000 organisms per g, and a coliform plate count not to exceed 10 time-temperature conditions of normal cookery, the coliform count has also been a useful indicator of postcooking contamination. The basis for establishing bacterial standards for precooked frozen foods purchased by the military was discussed in a preliminary report (Rayman et al., 1955) and will be dealt with more extensively in a fortheoming publication (Huber et al., 1958) . From those studies over a 5-year period, it became apparent that a need existed for specifying reliable, simple, and rapid methods of analysis suitable for control laboratories writh limited facilities.
For determination of standard plate counts the tentative methods for the microbiological examination of frozen foods published in 1946 by the American Public Health Association, Committee on Microbiological Examination of Foods (APHA, 1946) , proved to be relatively satisfactory. However, in some control laboratories where frozen foods are subjected to bacteriological testing it has beeni observed that a variety of procedures differing from the APHA methods have been employed. The precision and accuracy of some of these 1nonstandard modifications have not been determined and, particularly for specification purposes, the data so obtained do not permit ready comparisons betweeni laboratories. Therefore, studies were made to determiine wvhether the various details involved in the preparation of food samples for analysis, such as weight of sample and method of dispersion, would influence the bacterial counits. 1'reviously mentioned tentative methods for frozen foods recommend an incubation temperature of 32 Evans and co-workers (1950) . Many methods proposed for detection of these organisms rely on selective media containing high concentrations of sodium chloride, thereby permitting the development of staphylococci while suppressing the growth of most other bacteria (Hill and White, 1929; Chapman, 1945 The role of enterococci as food-borne pathogens has been a subject of much debate (Moore, 1955) . In recent years bacteriologists have shown considerable interest in the use of enterococci as an index of fecal pollution in water, and some (Larkin et al., 1955) have proposed its substitution in lieu of the long established coliform index. Burton (1949) (Hajna and Perry, 1943; Winter and Sandholzer, 1946; Rothe, 1948; iINallmann and Seligmann, 1950; and Hajna, 1951) added NaCl were inoculated in duplicate with 1 ml amounts of the 1:5 and 1: 10 suspensions of sample and incubated for 48 hr at 32 C. From these enrichment cultures, phenol red mannitol agar (Difco) containing 10 per cent salt (PRMS-10 per cent) and/or tellurite glycine (TG) agar3 plates were streaked and held 24 hr at 37 C. Typical staphylococcus colonies were picked to Bacto-brain heart infusion broth and incubated at 37 C. After 18 to 20 hr, cultures were stained for verification as staphylococci, and coagulase tests were made. Directions for the test are provided with ampules of Bacto-coagulase plasma. When TG agar was used alone, the staphylococcus cultures from brain heart infusion broth were streaked on phenol red mannitol agar to demonstrate mannitol fermentation.
Detection of enterococci. The following broth media (Difco) were selected for comparison: S F, enterococcus presumptive (EP), azide dextrose (AD) and B A G G. For qualitative studies, duplicate tubes of each test medium were inoculated with 1 ml quantities of the 1:10 dilution. Incubation at 45 C for 3 days was used for all except azide dextrose broth which was incubated at 37 C for 48 hr. Growth in the azide dextrose and acid production in the other three media was indicative of a presumptive positive test. Confirmation as enterococci was accomplished by subculture in ethyl violet azide (EVA) broth. Two drops from each presumptive positive tube were inoculated into EVA broth and incubated at 37 C for 48 hr. The presence of enterococci was demonstrated by turbidity and formation of a purple "button" at the bottom of the tube. Examination of smears made from the positive EVA broth cultures invariably confirmed the presence of streptococci. In preliminary trials, cultures from more than 100 positive EVA tubes were studied, employing the following confirmatory tests for enterococci described by Sherman (1937) : (1) In table 4 are showni estinmates of enterococcus populations in a few commercially frozen foods as obtained by the two media. As noted before, results obtained with AD broth are generally higher than those with EP. It will be seen that vegetables such as green peas, which are uncooked, may be expected to have high enterococcus counts despite the fact that these products are usually subjected to a mild blanch prior to freezing. Precooked frozen foods, on the other hand, possess lower enterococcus counts dependent on the extent of cooking and the degree of recontamination during packaging.
DIscussION
Owing to the heterogeneous character of precooked frozen foods, the bacterial content is likely to be unevenly distributed. Thus, Logan et al. (1951) found, for chicken d la king, that the bacterial content of the gravy was quite low, whereas the chicken meat contained 70 per cent of the total count. If, in sampling, the proportions of chicken meat to gravy were not maintained approximately equivalent to those of the processed product, the analytical results were subject to appreciable error. When these foods are prepared for analysis it is important to mininmize sampling errors by weighing a relatively large sample and preparing a uniform suspension so that the bacterial composition of any small subsample is representative of the average composition of the whole product. Therefore, in preparing samples for analysis, each component of a meal was taken in its entirety and blended. A meal component, as referred to here, is an individual serving of a meat preparation or potato or other vegetable item. Such portions range in weight from approximately 3 ounces (85 g) to 6 ounces (170 g), depending on the food. Since many of the meat items weighed as much as 6 ounces, the blender method was found most practical for obtaining uniform suspensions using the entire sample.
As described above, a comparison was made of the bacterial counts obtained from samples prepared by blending and by shaking with glass beads. The present findings confirm observations by Jones and Ferguson (1951) that use of the blender method results in slightly higher counts. Coarse suspensions of shaken materials often furnish mechanical difficulties in transferring sample aliquots and lead to pipetting errors. Conventional shaking with glass beads is insufficient to reduce the particle size of some precooked frozen foods and, despite the use of 50-ml volumetric pipettes with cut-off tips, plugging by food particles cannot be avoided. Not only is it easier to pipette the blended sample, but it is also less time-consuming and the frozen pieces of food are not subjected to a mere surface washing as they are in the shaking method. It will be noted that the practice of blending a frozen product in the manner we have described does not permit the temperature of the resulting suspension to rise above 18 C, which is well below the incubation temperature range. Any heat generated during such a 3-min blending is insignificant as it relates to possible heat destruction of bacteria in the sample. Since the number of coagulase-positive staphylococci present in precooked frozen foods is usually very low in proportion to the total number of organisms, direct streakinig of low dilutions on a selective medium such as PRAIS agar and TG agar was not satisfactory. However, if an enrichment medium such as trypticase soy broth with 10 per cent NaCl added is employed, the isolation of these organisms becomes easier. In prelimii)ary studies, the inoculated enrichment broth that had been inicubated at 32 C for 48 hr was streaked onto PRAIS-10 per cent agar plates. Because cocci, other than the coagulase-positive staphylococci, and gram positive sporeforming rods also grew well on these plates and produced acid, colony differentiation alone could not be relied upon. When TG agar was used, gram positive rods were easily differentiated from the staphylococci on these plates. The colonies produced by sporeformers were small and colorless or grey in contrast to the larger, entirely black, buttery colonies of the coagulase-positive staphylococci. The latter were confirmed by staining and by the coagulase test. Confirming the observations of Zebovitz et al. (1955) it was fouind inadvisable to hold the TG plates much longer than 24 hr because of the delayed appearance of coagulase-negative staphylococci which also produce black colonies. Since colonies of coagulase-negative staphylococci occasionally appear within 24 hr, a test for coagulase production is essential.
Of the several media employed for the isolation of enterococci, EP broth gave the most clear-cut results.
The chanige from blue to bright yellow on acid production made the reading of a presumptive positive test much easier. Although AD broth seemed to be a more [VOL. 6 sensitive medium, as seen by the greater number of confirmed positive tests, the larger number of subcultures that had to be made was more time-consuming. Since EP broth gives good recovery of enterococci and the number of false positive reactions are few, it can be used satisfactorily on a qualitative basis for control work. Azide dextrose broth, on the other hand, is more applicable where greater accuracy for the quantitative estimation of enterococci is needed.
It is desirable that the EP broth be preheated at 45 C before inoculation to prevent the growth of streptococci other than those of Group D, since growth at 45 C is one of the differentiating characteristics of the enterococci. Although at 45 C this medium is highly selective for enterococci, confirmatory tests are required.
In his studies, Burton (1949) found that, as indicators of contamination, the coliform organisms appeared to be superior to the enterococci in unstored or briefly stored frozen foods, while the enterococci were a more reliable index in foods which have been held in freezer storage. Inoculate duplicate tubes of azide glucose broth (10 ml per tube) with 1 ml amounts of the appropriate dilution of sample, and incubate at 37 C for 48 hr. A positive presumptive test, indicated by visible growth, requires confirmation for enterococci by subculturing 0.1 ml into ethyl violet azide broth, with incubation at 37 C for 48 hr. A confirmed test is demonstrated by turbidity and the formation of a purple "button" at the bottom of the tube.
As an alternate medium for azide glucose broth, enterococcus presumptive broth may be employed. This medium should be preheated to 45 C before inoculation and incubated at this same temperature. Although a positive presumptive test, indicated by acid production, (Buchanan and Fulmer, 1928) .
(e) Salmonella. Inoculate 50 ml of a 1:5 suspension of product (equivalent to 10 g of food) into 200 ml of selenite F broth containing cystine. After 18 to 20 hr incubation, streak the cultures onto brilliant green and bismuth sulfite agar plates and examine as described by Byrne et al. (1955 Isolation of coagulase-positive staphylococci is facilitated by an enrichment in trypticase soy broth containing 10 per cent sodium chloride, followed by streaking on tellurite glycine agar.
A comparison of several liquid media for the detection and enumeration of enterococci is described. Of the media tested, enterococcus presumptive broth and azide dextrose broth, when followed by a confirmatory test, are considered suitable for use in the examination of frozen foods.
